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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a microwave 
plasma treatment device and treatment method in which 



plasma treatment can be carried out with high reliability 
and stability using an antenna means which is strong 
mechanically or against thermal deformation even when 
high power microwave is radiated. 
SOLUTION: The microwave plasma treatment device 
comprises an antenna means having slots provided on 
the microwave introduction face side of a dielectric 
window for transmitting a microwave. The antenna 
means is not inserted with a dielectric plate for 
shortening the wavelength in the tube and an 
atmospheric condition is present internally. A plurality of 
pairs of slots having different directions are arranged 




circularly only one round on a microwave radiation plate 103a 103b 

having a thickness of 0.5 mm-3.0 mm. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The exhaust air means for decompressing the inside of a microwave plasma treatment 
container, and the gas supply means for supplying the gas for exciting the plasma in this 
processing container, An antenna means to have the microwave radiation plate with which it is 
the antenna means formed in the microwave installation side side of the dielectric window for 
microwave transparency prepared in the wall surface of this processing container, and this 
dielectric window, and the slot was formed, In the microwave plasma treatment equipment 
constituted so that it may have the microwave generating means formed in the upstream of this 
antenna means, this dielectric window may be countered and a substrate may be installed in this 
processing container The interior of this antenna means does not have the dielectric plate 
inserted in order to shorten wavelength in tubing, and it is in an atmospheric condition. To the 
microwave radiation plate of this antenna means Microwave plasma treatment equipment with 
which the pair of the slot from which the sense differs mutually is characterized by arranging 
only two or more sets of round circularly. 

[Claim 2] The microwave radiation plate of said antenna means is microwave plasma treatment 
equipment according to claim 1 characterized by thickness being 0.5mm or more and 3.0mm or 
less. 

[Claim 3] The die length of said slot is microwave plasma treatment equipment according to 
claim 1 or 2 which sets about 1/to 2 and is characterized by the width of face being [ of the 
guide wave length ] 2mm or more and 8mm or less. 

[Claim 4] Said dielectric window is microwave plasma treatment equipment according to claim 1 
to 3 characterized by having the ring-like sleeve so that a plasma excitation field may not 
contact the surface of metal of a direct-processing vessel wall at the periphery section of the 
field by the side of said processing container. 

[Claim 5] Said dielectric window is microwave plasma treatment equipment according to claim 1 
to 4 characterized by being what constituted so that it may have the thickness in which the 
shape of surface type and thickness of the center section were adjusted in the field, and the 
field of the dielectric window corresponding to the predetermined field of said substrate differed 
from other fields. 

[Claim 6] Said dielectric window is set to one field of the field by the side of the processing 
container, and the fields by the side of microwave installation. [ whether it is constituted so that 
heights may be prepared in the field of the dielectric window corresponding to the predetermined 
field of said substrate and the thickness of the field of the dielectric window corresponding to 
the predetermined field of this substrate may become thicker than the thickness of other fields, 
and ] Or a crevice is established also in this field corresponding to heights of a field and the field 
of an opposite hand in which these heights were prepared. Microwave plasma treatment 
equipment according to claim 1 to 4 characterized by being constituted so that the thickness of 
the prepared field of these heights and a crevice may become the same as the thickness of 
other fields. 

[Claim 7] Said dielectric window is microwave plasma treatment equipment according to claim 1 
to 4 characterized by being constituted so that a concentric circular level difference may be 
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prepared in the field by the side of the processing container, it may be made for the distance 
from said substrate front face to the front face of this dielectric window to change with fields of 
a substrate and the consistency of the plasma to generate may become homogeneity on this 
substrate. 

[Claim 8] Microwave plasma treatment equipment according to claim 7 characterized by 
preparing discontinuously the concentric circular level difference of said dielectric window in the 
direction of a path of this dielectric window for the diameter of 1/2 wave of integral multiple. 
[Claim 9] Said dielectric window is microwave plasma treatment equipment according to claim 1 
to 8 which has the center section field which has different thickness from other fields, the field 
which has heights, and the field which has a concentric circular level difference, and is 
characterized by the thickness of these fields being about [ of the wavelength of the microwave 
in a dielectric ] 1/4. 

[Claim 10] The material gas for exciting the plasma with a gas supply means is supplied in a 
microwave plasma treatment container. Exhaust a raw material and reaction secondary 
generation gas with an exhaust air pump, and the inside of a container is made reduced pressure. 
Introduce into an antenna means to have the microwave radiation plate with which the slot was 
formed in the microwave made to oscillate and amplify with a microwave generating means, and 
it emanates through a slot. The emitted microwave is introduced through a microwave 
transparency aperture into this processing container under a reduced pressure installation gas 
ambient atmosphere. The electromagnetic field which this microwave makes generate the plasma 
in a processing container. The microwave plasma treatment approach which is the plasma 
treatment approach which consists of carrying out microwave plasma treatment of the substrate 
which countered this dielectric window and was formed, and is characterized by performing 
plasma treatment using microwave plasma treatment equipment according to claim 1 to 9. 
[Claim 11] The frequency of the microwave which the pressure of the gas in said processing 
container is 0.1 Pa - 1000Pa, and is impressed to an electrode is the microwave plasma 
treatment approach according to claim 10 characterized by being 2GHz - 10GHz. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the plasma treatment approach of using 
microwave excitation plasma treatment equipment (microwave plasma treatment equipment 
being called hereafter.) and this equipment. It is plasma equipment which has a microwave 
radiation antenna for introducing microwave until 0.5W /results in the large power flux density of 
2 to 20 W/cm2 cm especially. It is involved in the equipment for plasma processes which can 
perform improvement and refining of membrane formation, etching, and a film presentation, and 
ashing at the substrate which is a processed material in semi-conductor LSI production, and the 
plasma treatment approach using this equipment. 
[0002] 

[Description of the Prior Art] In recent years, as for micro processing of a wafer, sheet 
processing is in use with diameter[ of macrostomia ]Hzing of detailed-izing of the device in 
Semi-conductor LSI, and a wafer. In the plasma process of CVD in it, or etching, the source of 
the plasma of DC or high-frequency excitation is used. Moreover, ECR (electron cyclotron 
resonance) is used in the source of the plasma using microwave. In the case of the plasma 
excited by the RF or ECR as mentioned above, it was difficult to generate the uniform plasma 
with the diameter of macrostomia the top to be impressed [ of a magnetic field ] in order to 
generate the plasma of high density. Moreover, there were also a problem that carry out 
sputtering of the chamber wall and metal contamination occurs since plasma potential is as high 
as about 20eV, and ion irradiation energy [ further as opposed to a floating substrate ] and the 
problem of giving a damage to a substrate with 1 0eV or more since it is high. 

[0003] Then, the method with which electron temperature generates the surface wave plasma of 
low high density also with low plasma potential is developed by introducing microwave into a 
vacuum ambient atmosphere through a dielectric from a slot, and making strong microwave 
electric field using antenna means, such as a radial line slot antenna (following: calling RLSA.). 
For example, with the equipment of a patent [ No. 3136054 ] publication, the dielectric is 
inserted in the interior of an antenna and it is supposed that the plasma can be generated by 
emitting circularly-polarized-wave microwave for a slot from a concentric circle or the pattern 
arranged spirally under a certain regulation, without using a magnetic field efficiently. [ many ] 
[0004] On the other hand, the dielectric window of microwave permeability is not installed in a 
chamber wall by patent No. 2928577, but the equipment which performs a vacuum seal with the 
dielectric inside an antenna and the waveguide of an antenna is indicated. "Two or more slits of 
the shape of a thin line from which the sense differs mutually are arrays in large numbers to the 
shape of a concentric circle or a swirl" of the slot is carried out, and it shortens guide wave 
length lambdag inside an antenna with the dielectric inside an antenna. Moreover, by using a 
magnetic field, it supposes that the plasma is generated by the synergistic effect of microwave 
and a magnetic field, and working pressure is dramatically made into low voltage with the 10- 
3Torr base (- 10-1 Pa base). 
[0005] 

[Problem(s) to be Solved by the Invention] However, when the antenna of the above-mentioned 
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conventional technique aiming at inserting a dielectric in the interior of an antenna, shortening 
guide wave length lambdag, and forming as many slots as possible in a microwave radiation plate, 
and performing homogeneity and efficient microwave radiation in a field is used, a microwave 
radiation plate deforms with time with generation of heat and the heat from a substrate side, and 
there is a problem that the plasma becomes instability. Moreover, when the microwave radiation 
plate deformed and the clearance was made between the microwave radiation plate and the 
dielectric inside an antenna, abnormality discharge started by electric-field concentration etc., 
and there was also a problem of occasionally damaging a dielectric. 

[0006] This is because thickness of a microwave radiation plate had to be made very thin with 
about 0.3mm and heat conduction of the part a mechanical strength, or the direction of a path 
got very bad, in order to write guide wave length lambdag short by putting a dielectric into the 
interior of an antenna and to be made not to worsen a radiation property. Although the antenna 
which formed the direct thin film in the metallic conductor which the slot for functioning as an 
antenna opened by technique, such as vacuum evaporationo and plating, was proposed to these 
problems using dielectrics, such as a ceramic, there was a problem that the film separated 
according to the difference of the expansion coefficient between the ingredients by heat, and the 
technical problem was in adhesion. Furthermore, it was what it is hard to use general-purpose 
also in respect of a manufacturing cost or a delivery date. 

[0007] Moreover, there is a problem that equipment will complicate a microwave radiation plate 
according to problems, such as heat removal, although adhesion or the device which carries out 
a pressure welding and suppresses deformation is also considered by the dielectric inside an 
antenna and the microwave transparency aperture by the side of a vacuum housing. To the 
problem why guide wave length lambdag must use a thin microwave radiation plate (namely, slot 
of thin thickness) when short as described above, he can understand by calculating the trespass 
length to a slot and transparency power of microwave. This point is explained below. 
[0008] First, the power P which penetrates a slot can be expressed with a degree type (1). 
(Formula 1) 

P = P0 exp (-t2/delta) .... (1) 

Here, they are P0:charge power, the thickness of t:slot, and delta:trespass length. The power P 
which can penetrate a slot decreases exponentially in proportion to the square of slot thickness 
so that clearly from a formula (1). Moreover, the trespass length delta is given by the degree 
type (2). 
(Formula 2) 

8 = 1/(2 tcV (l/2a) i - (1/Ag)0 ' • • -(2) 

Here, they are the die length of the long side of arslot, and the guide wave length of 
lambdagimicrowave. 

[0009] Moreover, when die-length a of the long side of a slot is or more lambdag/2 in this 
formula (2), the sign in the root becomes zero or minus. When the die length of a slot long side is 
longer than the one half of the guide wave length, this means that microwave can transmit power 
like a waveguide, however thick the thickness of the slot over the travelling direction of 
microwave may be. However, in order to control to usually take out power with a flat surface, 
many less than 1/2 slots of the guide wave length are cut with the antenna which emits 
microwave at a flat surface like this time by the upstream of the propagation of microwave. In 
addition, since all power may be made to be emitted to the slot by the side of the lowest style 
cut by the concentric circle, it is not this limitation. 

[0010] From the above formula (1) and (2), when it is a time of guide wave length lambdag being 
100mm, and 40mm, it asks for the trespass length when setting die-length a of the long side of a 
slot to a=(lambdag / 2-0.5) mm, respectively actually, for example. In addition, when an alumina 
was used as a dielectric, since lambdag was set to about 1/rootepsilon to the wavelength 
(122mm @ 2.45GHz) of free space, it calculated as lambdag=40mm as follows from becoming 
about lambdag=40mm actually. - At the time of lambdag=100mm, it is a= 49.5 and is set to delta= 
111.8mm. - At the time of lambdag=40mm, it is a= 19.5 and is set to delta= 27.9mm. 
[001 1] These values are assigned to a formula (1) and the difference in the power transmittivity 
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when changing slot thickness t, respectively is summarized in a table 1. (A table 1) 



A g (mm) 




wim&m (%) 


t = 0. 3 


t = 0. 5 


t = 1. 0 


t = 3. 0 


10 0 

! 4 ° 




9 9.5 
9 7.9 


9 9.1 
9 6.5 


9 8.2 
9 3.1 


9 4.8 
8 0.7 



[0012] In case microwave penetrates a slot so that guide wave length lambdag is short in spite 
of carrying out near of the die length of the long side of a slot to lambdag/2 so that the result of 
a table 1 may also show (when a dielectric is used), it is greatly influenced of the thickness, and 
transparency power will decrease extremely, so that slot thickness is thick. Moreover, if the 
value of die-length a of this slot long side becomes still shorter and trespass length also 
becomes short it will come to be further influenced of thickness. In addition, since it does not fill 
up with the dielectric in the thickness direction of a slot strictly when a dielectric is in the 
interior of an antenna, wavelength will become long extremely immediately after emitting 
microwave from a slot, and the effect of thickness is actually predicted to come out further. 
[0013] In the conventional technique, the above is [ guide wave length lambdag ] a reason for 
having to use a thin slot plate, when short. Even if the technical problem of this invention is to 
solve the problem of the above-mentioned conventional technique and performs microwave 
radiation of large power from an antenna means, it is by using an antenna means strong also 
against thermal deformation and a thermal mechanical strength to offer the microwave plasma 
treatment equipment which can perform reliable and extremely stable plasma treatment, and the 
art using this equipment. 
[0014] 

[Means for Solving the Problem] The microwave excitation plasma treatment equipment of this 
invention The exhaust air means for decompressing the inside of a microwave plasma treatment 
container, and the gas supply means for supplying the gas for exciting the plasma in this 
processing container, An antenna means to have the microwave radiation plate with which it is 
the antenna means formed in the microwave installation side side of the dielectric window for 
microwave transparency prepared in the wall surface of this processing container, and this 
dielectric window, and the slot was formed. In the microwave plasma treatment equipment 
constituted so that it may have the microwave generating means formed in the upstream of this 
antenna means, this dielectric window may be countered and a substrate may be installed in this 
processing container The interior of this antenna means does not have the dielectric plate 
inserted in order to shorten wavelength in tubing, and it is in an atmospheric condition, and the 
pair of the slot from which the sense differs mutually becomes the microwave radiation plate of 
this antenna means from only two or more sets of round being arranged circularly. More than one 
are arranged circularly, the pair of such a slot adjoining mutually. 

[0015] The microwave radiation plate of this antenna means has the thickness of 0.5mm or more 
and 3.0mm or less. It is easy to deform thermally with being less than 0.5mm, and a mechanical 
strength is also low. Moreover, if it exceeds 3.0mm, the radiation property of microwave will 
worsen. In the microwave plasma treatment equipment of this invention, in order to remove heat 
efficiently from a microwave radiation plate, it is desirable that a channel is cut on the inner 
shaft and the body of an antenna of a coaxial tube, and it can be made to carry out to them 
water cooling and to set board thickness of the microwave radiation plate to about 1.0mm 
further. Although the distortion by heat stops being able to happen easily since clearance of heat 
is promoted so that thickness becomes thick, and also reinforcement of a microwave radiation 
plate increases, the radiation property of microwave will worsen. The optimal thickness is set to 
about 1.0mm to these both problem. Of course, this optimal thickness changes with guide wave 
lengths in the charge power (power flux density) of microwave, or an antenna. 
[0016] Moreover, generally about [ of the guide wave length in an antenna ] 1/2 and its width of 
face of the die length of the slot which was able to be opened in the microwave radiation plate 
are from 4mm to about 8mm preferably from 2mm to about 8mm. It is because there is a 
possibility of disturbing the electromagnetic field of the microwave which the effect of crosswise 
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electric field emits when there is a problem that intensity of radiation falls that it is less than 
2mm since opening is small and it exceeds 8mm. When tested using the microwave radiation 
plate which has the slot of 2mm, 4mm, and 6mm width of face, a result by which the thing of 
6mm width of face is stabilized most among those was brought 

[0017] According to this invention, as for the dielectric window for microwave transparency, it is 
desirable to have the ring-tike sleeve so that a plasma excitation field may not contact the 
surface of metal of a direct-processing vessel wall at the periphery section of the field by the 
side of a processing container. Moreover, the shape of surface type and thickness of the center 
section may be adjusted in a field, and the dielectric window for microwave transparency may be 
constituted so that it may have the thickness in which the field of the dielectric window 
corresponding to the predetermined field of a substrate differed from other fields. A dielectric 
window is set again to one field of the field by the side of the processing container, and the 
fields by the side of microwave installation. [ whether it is constituted so that heights may be 
prepared in the field of the dielectric window corresponding to the predetermined field of a 
substrate and the thickness of the field of the dielectric window corresponding to the 
predetermined field of a substrate may become thicker than the thickness of other fields, and ] 
Or a crevice is established also in the field corresponding to heights of a field and the field of an 
opposite hand in which these heights were prepared, and it may be constituted so that the 
thickness of the prepared field of these heights and a crevice may become the same as the 
thickness of other fields. 

[0018] Furthermore, a dielectric window prepares a concentric circular level difference in the 
field by the side of the processing container, it is made for the distance from a substrate front 
face to the front face of a dielectric window to change with fields of a substrate, and it may be 
constituted so that the consistency of the plasma to generate may become homogeneity on this 
substrate. This concentric circular level difference may be discontinuously prepared in the 
direction of a path of a dielectric window for the diameter of 1/2 wave of integral multiple. 
Moreover, a dielectric window may have the center-section field which has different thickness 
from other fields, the field which has heights, and the field which has a concentric circular level 
difference, and the thickness of these fields may be about [ of the wavelength of the microwave 
in a dielectric ] 1/4. 

[0019] After considering that the thermal reinforcement and the mechanical strength of a 
microwave radiation plate described above according to this invention While using 0.5-3.0mm, 
and 1 desirablemm and a desirable thick thing compared with 0.3 conventionalmm, the thickness 
of a microwave radiation plate Even if it uses a thick radiation plate, a dielectric is not inserted 
in the waveguide of the microwave from a microwave oscillator to the dielectric window for 
microwave transparency so that microwave can emanate efficiently. It is made for the interior of 
a waveguide to be in an atmospheric condition, and the antenna means devised so that the guide 
wave length in an antenna might be made longer than before is used. By performing plasma 
treatment using such an antenna means, the instability of the plasma by distortion of a 
microwave radiation plate is canceled, and an extremely stable process can be performed. 
Moreover, structure is simplified and it is necessary to use neither the Teflon (trademark) for 
supporting the expensive plate made from a ceramic with which it worries about breakage, and 
the inner shaft of a coaxial tube, nor the insulator of the ceramics. Therefore, the plasma 
treatment equipment of this invention is producible in a short period with simple structure. 
[0020] The microwave plasma treatment approach of this invention is an antenna means which 
there is no dielectric plate in the above-mentioned processor, i.e., the interior, and is in an 
atmospheric condition, and the pair of the slot from which the sense differs mutually is 
performed using microwave plasma treatment equipment equipped with an antenna means to 
have the microwave radiation plate with which only two or more sets of round is arranged 
circularly. The gas pressure in the processing container in this case is 0.1 Pa - 1000Pa, and, as 
for the frequency of the microwave impressed to an electrode, it is desirable that it is 2GHz - 
10GHz. Gas pressure is less than 0.1 Pa, and if it exceeds 1000Pa, discharge starting and 
maintenance will become difficult. Moreover, the plasma consistency of the request by a 
frequency being less than 2GHz is not obtained, but if it exceeds 10GHz, the facility for power 
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amplification will become large-scale, and also difficulty is in the handling. 
[0021] 

[Embodiment of the Invention] Hereafter, the microwave plasma treatment equipment concerning 
the gestalt of operation of this invention is explained with reference to drawing 1 , and 2, 4, 5 and 
6. In the plasma treatment equipment for semi-conductor substrates with which microwave was 
used for drawing 1 as an example of the gestalt of operation of this invention As an antenna 
means to introduce microwave, the interior of the body of an antenna is a cavity. Only a round is 
arranged at two or more set round shape (annular), and ** A of the rectangle slot of sense which 
is different to a microwave radiation plate is the sectional view showing the configuration of the 
equipment with which the thickness of a radiation plate uses the thing of predetermined 
thickness (for example, 1.0mm). Drawing 2 shows an example of the slot pattern which was able 
to be opened in the microwave radiation plate. Drawing 4 -6 show the microwave plasma 
treatment equipment concerning the gestalt of another operation of this invention. 
[0022] In drawing 1 , a processing container for 101 to perform plasma treatment and 102 A 
coaxial waveguide converter and an antenna means, pair 103of rectangle slot of sense from 
which 103 differs a (b) (slot pair 103a shown in drawing 2 — ) The microwave radiation plate with 
which 103b is arranged only for a round two or more set annular, The plasma formed in the 
substrate upper part of microwave electric field in order that 104 might perform the dielectric 
window for microwave transparency and 105 might perform etching and membrane formation, 
The magnetron to which 106 oscillates microwave, and 107 An isolator, 108 a waveguide and 110 
for a tuner and 109 The supply means of the gas for plasma formation, The pressure regulating 
valve to which 111 adjusts an exhaust air pump and 112 adjusts the pressure in a container 101, 
An RF generator for the substrate with which 1 13 is carried out in plasma treatment, the 
electrode with which 114 holds a substrate, and 1 15 to impress a RF to the substrate electrode 
114 and a substrate 113 if needed, and 116 are the adjustment machines for taking impedance 
adjustment of a RF. All the waveguides of microwave until a dielectric etc. is not inserted in the 
waveguide of microwave until it results [ from a waveguide 109 ] in the microwave radiation plate 
103 and it results in a dielectric window 104 are ambient conditions. Moreover, the microwave 
radiation plate 103 is using the thing of thickness (for example, 1mm) predetermined in thickness. 
The ring-like sleeve 1 1 7 is formed in the part which is separated from the periphery section of a 
dielectric window 104, i.e., a center section, so that a plasma excitation field may not contact the 
surface of metal of a direct-processing vessel wall. 

[0023] The outline about the plasma treatment approach hereafter performed using the 
equipment shown in drawing 1 and 2 is explained. In the equipment of the gestalt of this 
operation, the gas for exciting the plasma 105 with the gas supply means 110 is supplied in the 
processing container 101, a raw material and reaction secondary generation gas are exhausted 
by the exhaust air pump system 111, the inside of a container 101 is made reduced pressure, 
and a pressure regulating valve 112 adjusts the process pressure in a container 101. The 
microwave oscillated and amplified with the microwave power source (magnetron) 1 06 is 
introduced into the antenna means 102 through a tuner 108, and is emitted from the rectangle 
slots 103a and 103b which were able to be opened in the microwave radiation plate 103. 
Although a reflected wave is returned to a container 101 side by the tuner 108 at this time, 
about the reflected wave which cannot be adjusted, it absorbed with the isolator 107, and has 
prevented returning to a magnetron 106. The microwave emitted through Slots 103a and 103b 
from the microwave radiation plate 103 is introduced inside the container 101 under a vacuum 
ambient atmosphere through a dielectric window 104, and forms the plasma 105 in a container 
101 by the electromagnetic field which this microwave makes. 

[0024] If the consistency of the formed plasma 105 exceeds the cut-off consistency of 
microwave near the dielectric window 104, the trespass length of microwave will become several 
mm, a part of energy will be absorbed by the plasma 105 in the range of several mm in the 
plasma, and the remainder will be reflected. Although the density distribution of the generated 
plasma 105 can be adjusted to homogeneity at a flat surface depending on a slot pattern, it 
depends for it also on the pressure in the processing container 101 at that time, or the 
configuration of a dielectric window 104 greatly. Thus, by diffusion, the generated plasma 105 can 
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reach to a substrate 113, and can perform desired plasma treatment to a substrate 113. 
[0025] Next the plasma treatment equipment which is the gestalt of another operation of this 
invention is explained. In the plasma treatment equipment which is another example of the 
gestalt of operation of this invention shown in drawing 4 , in the field of a concentric circle, i.e., 
the field from the core of a circular dielectric window to the predetermined equal distance, 
heights (diameter D4) are prepared in the front face by the side of atmospheric air (microwave 
installation side) as a dielectric window 404 which constitutes the introductory aperture of 
microwave, and the dielectric window which changed the thickness of the part is used. The 
pattern of a slot pair is the same configuration as what is shown in drawing 2 . and other 
configurations are the same configurations as what is shown in drawing 1 , and especially about 
the sign in drawing 4 , unless it refuses, the same sign as drawing JL shows the same 
configuration. 

[0026] The dielectric window 404 which is an introductory aperture of microwave may be 
produced from the thing of the construction material described below like the dielectric window 
104 shown in drawing 1 . When using a quartz plate with a thickness of 50mm, in the field of the 
range (D4) to phi= 95mm, the atmospheric-air side of a dielectric window 404 is used as a 
convex type, and thickness for the convex part is set to 60mm. For example, the thickness of 
the field where the radius of a substrate is located in right above [ of it ] in the field of the range 
(D4x1/2) from 0mm to 47.5mm is set to 60mm, and, as for the thickness of the dielectric window 
in right above [ of a diameter (Dw)200mm silicon substrate ], the thickness in other fields is set 
to 50mm. 

[0027] In the plasma treatment equipment which is another example of the gestalt of operation 
of this invention shown in drawing 5 , as a dielectric window 504 which constitutes the 
introductory aperture of microwave, heights (diameter D5) are prepared in the front face by the 
side of a vacuum at reverse, and the dielectric window which changed the thickness of the part 
is used with the case of drawing 4 in the field of a concentric circle, i.e., the field from the core 
of a dielectric window to the predetermined equal distance. The pattern of a slot pair is the same 
configuration as what is shown in drawing 2 , and other configurations are the same 
configurations as what is shown in drawing 1 , and especially about the sign in drawing 5 , unless 
it refuses, the same sign as drawing 1 shows the same configuration. 

[0028] The dielectric window 504 which is an introductory aperture of microwave may be 
produced from the thing of the construction material described below like the dielectric window 
104 shown in drawing 1 . When using a quartz plate with a thickness of 44mm, the vacuum side 
of a dielectric window 504 is used as a convex type in the field of the range (D5) to phi- 60mm, 
and thickness for the convex part is set to 60mm. For example, the thickness of the field where 
the radius of a substrate is located in right above [ of it ] in the field of the range (D5x1/2) from 
0mm to 30mm is set to 60mm, and, as for the thickness of the dielectric window in right above 
[ of a diameter (Dw)200mm silicon substrate ], the thickness in other fields is set to 44mm. 
Moreover, in the field (D5x1/2) from 0mm to 30mm, the radius of a substrate sets distance (L52) 
from a substrate to a dielectric plate to 40mm, and has set the distance (L51) to 56mm in other 
fields. 

[0029] In the plasma treatment equipment which is still more nearly another example of the 
gestalt of operation of this invention shown in drawing 6 As a dielectric window 604 which 
constitutes the introductory aperture of microwave, the field of a concentric circle, That is, it is 
processed so that a crevice may be established in the front face by the side of microwave 
installation on the front face by the side of heights and a vacuum in the field from the core of a 
dielectric window to the predetermined equal distance, and the dielectric window constituted so 
that the thickness of the dielectric window itself might turn into the same thickness in every 
field is used. The pattern of a slot pair is the same configuration as what is shown in drawing 2 , 
and other configurations are the same configurations as what is shown in drawing 1 . and 
especially about the sign in drawing 6 , unless it refuses, the same sign as drawing 1 shows the 
same configuration. 

[0030] The dielectric window 604 which is an introductory aperture of microwave may be 
produced from the thing of the construction material described below like the dielectric window 
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104 shown in drawing 1 . When using a quartz plate with a thickness of 50mm, the vacuum side 
of a dielectric window 604 is made into a concave in the field of the range (D6) to phi= 60mm. 
Diameter (Dw) from a substrate 613 about the distance to the dielectric window in right above 
[ of a 200mm substrate ] The radius of a substrate sets the distance (L62) to 65mm in the field 
of the range (D6) from 0mm to 30mm f and has set the distance (L61) to 60mm in other fields. 
Although the pressure in the above-mentioned plasma treatment container changes with process 
conditions, generally it can acquire preferably 0.1 Pa - 1000Pa of desired effectiveness in the 
range of 5Pa - 1000Pa. As for the distance (L1 1. L41, L51, L52, L61, L62) of the underside of a 
dielectric window, and the top face of a substrate, it is desirable to make it the range of 30mm - 
120mm generally with relation, such as a plasma consistency, an oxidation rate, and thickness 
distribution homogeneity. 

[0031] As described above, when changing the thickness of a dielectric window within the limits 
of predetermined, it is desirable to make the thickness into about lambdag of the wavelength 
(lambdag) of the microwave in a dielectric / 4. Since field strength of microwave is ****(ed) 
according to the situation of the standing wave which exists there, if a center section is the 
optimal thickness, in the thin periphery section, a plasma consistency will become low. This is 
because field strength does not necessarily become strong in the thin part only by making 
thickness of a dielectric window thin selectively. Therefore, the thing [ as / in this invention ] 
which the thickness of a center section is specified and is established for the level difference of 
lambdag/4 of the wavelength of the microwave in a dielectric is effective. Even if arranged in the 
shape of [ of a concentric circle ] a ring, the range which gives the range or level difference 
which changes the thickness of a dielectric window was distributed suitably, and may be 
arranged. 

[0032] In order to choose suitably from within the limits of 2GHz - 10GHz the frequency of the 
microwave supplied in order to generate the plasma of high density generally and to make it the 
plasma consistency [ directly under ] of a dielectric window reach the cut-off consistency of 
microwave, it is good to choose charge power from within the limits of 1 W/cm2 - 5 W/ cm2 
suitably preferably to the area under a dielectric window, and to perform a process. Although it 
changes as process gas with each processes, such as formation of deposition film (an insulator 
layer, the semi-conductor film, metal membrane, etc.), formation of the thin films (a silicon 
system semi-conductor thin film, a silicon compound system thin film, a metal thin film, metallic- 
compounds thin film, etc.) by the CVD method, etching on the front face of a substrate, ashing 
clearance of the organic component on a substrate front face, oxidation treatment on the front 
face of a substrate, and cleaning of the organic substance on the front face of a substrate, 
various well-known gas can be chosen suitably and can be used, for example, one or more kinds 
of well-known gas — the inside of a process — at least — a total — what is necessary is just 
to introduce more than 8.5x10-2 Pa-m3/sec 

[0033] What is necessary is just to choose it from within the limits of -40 degrees C - 600 
degrees C suitably generally, although the support stage temperature of a substrate changes 
with each processes, such as etching and membrane formation. Especially the substrate made 
into a processing object is not restricted, for example, not only a semi-conductor substrate but 
a glass substrate, a plastic plate, an AITiC substrate, etc. can be used for it. As a dielectric 
which constitutes the introductory aperture of microwave, a mechanical strength is enough, and 
especially if dielectric loss is a very small ingredient so that the permeability of microwave may 
become sufficiently high, it will not be restricted, for example, a quartz, an alumina (sapphire), 
alumimium nitride, silicon nitride, a carbon fluoride polymer, etc. can be used. 
[0034] 

[Example] Hereafter, the example of this invention is further explained to a detail with reference 
to a drawing. 

When the antenna means which carried the microwave radiation plate 103 of this invention 
shown in drawing 2 in the antenna means 102 of the equipment shown in drawing 1 is used, 
(Example 1) In order to carry out comparative evaluation of the stability of both plasma to 
generate about the case where the antenna means carrying the conventional microwave 
radiation plate 303 (slot pairs 303a and 303b) shown in drawing 3 instead of this antenna means 
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102 is used, Time amount after lighting the plasma until the variation rate of a flash or a big 
tuner is looked at by the plasma was measured. 

[0035] The above-mentioned assessment was performed using the equipment shown in drawing 
1 which used the same component except the antenna means which carried the microwave 
radiation plates 103 and 303, respectively. The OFF of the slot pairs 303a and 303b of 3 rounds 
of a concentric circle as the disk of an alumina dielectric with a thickness of 4mm inserted in the 
interior of an antenna and shown in drawing 3 as a conventional antenna means used the 
microwave radiation plate 303 with a diameter [ a certain / of 336mm ], and a thickness of 
0.3mm. On the other hand, as an antenna of this invention, a dielectric was not inserted in the 
interior of the antenna means 102, but the OFF of the slot pairs 103a and 103b of 1 round as 
show the interior to drawing 2 as a layer of air with a thickness of 15mm used the microwave 
radiation plate 103 with a diameter [ a certain / of 336mm ], and a thickness of 1mm. 
[0036] Putting the plate of a quartz on the substrate electrode 1 14 as a substrate 113, 
substrate bias did not impress. 0.5 Pa-m3/sec (300sccm) installation of the Ar gas was carried 
out by reference condition from the gas supply means 1 10 at the processing container 101, and 
the exhaust air pump system 111 and the pressure regulating valve 112 adjusted the pressure in 
the processing container 101 to 20Pa and 133Pa. After pressure regulation was completed, 
microwave power was introduced at a stretch with the output of 2.5kW, and the plasma was 
generated. 

[0037] The time amount taken for the plasma generated as mentioned above to become 
instability is summarized in the following table 2. 
(A table 2) 









2 0 P a 
1 3 3 P a 


1 8f* 
3 58> 


8#1 0ff> 
1 0#EUi 



In the case of the antenna means of this invention, the result of a table 2 shows that the 
stability of the plasma resulting from an antenna is improving substantially. 

[0038] (Example 2) In order to compare the effectiveness which introduces the microwave power 
of an antenna to the plasma, the minimum of the microwave power which plasma ignition takes, 
and the maintaining-a-discharge power after plasma ignition was investigated using the antenna 
means of the same conventional type as the case of an example 1, and the antenna means of 
this invention. Putting the plate of a quartz on the substrate electrode 1 14 as a substrate 113, 
substrate bias did not impress. 0.5Pa and m3-/sec (300sccm) installation of the Ar gas was 
carried out by reference condition from the gas supply means 1 10 at the processing container 
101, and the exhaust air pump system 111 and the pressure regulating valve 112 adjusted the 
pressure in the processing container 101 to 133Pa. Increasing microwave power, namely, seeing 
a potentiometer, after pressure regulation was completed, the output is increased until it 
introduces microwave power gradually from the output of O.OkW and the plasma lights it, and the 
discharge-starting power was investigated. Moreover, even after the plasma lit, the output was 
made to once increase to 2.0kW, and the output in case an output is decreased conversely and 
discharge disappears after that was investigated. 

[0039] The result about the discharge-starting power obtained in this way and the maintaining- 
a-discharge minimum power is summarized in the following table 3. 
(A table 3) 
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Since in the case of the antenna means of this invention there is almost no inferiority in a 
discharge property even if compared with the conventional antenna means, the result of a table 
3 shows that there is almost no effect (the conventional radiation plate thickness: 0.3mm, 
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radiation plate thickness of 1.0mm of this invention) which the thickness of a microwave 
radiation plate increased. 

[0040] (Example 3) In the conventional antenna means, the pattern of a microwave radiation 
plate was the same as that of drawing 3 , and investigated discharge-starting power and the 
maintaining-a-discharge minimum power like the case of an example 2 about what set only 
thickness to 1.0mm. Consequently, even if it supplied 2.0kW or more of microwave outputs, 
discharge did not take place. What [ not only ] is depended on the effect of reduction of the 
transparency power by count as only shown with a table 1 from this but since the dielectric is 
not strictly inserted into the thickness of 1.0mm of a slot, it turns out that microwave is almost 
covered by the thickness of a microwave radiation plate. 

[0041] (Example 4) Kr/02 plasma is generated using the equipment of drawing 1 and this 
invention shown in 2, 4, 5, and 6, and measurement of the thickness of the oxide film of the 
processing wafer after oxidizing a silicon substrate directly is explained. Oxidation treatment of a 
silicon substrate which first is performed using the equipment shown in drawing 1 and 2 is 
explained. After installing the dielectric window 104 in the introductory aperture of microwave 
and setting a silicon substrate 1 13 in the vacuum processing container 101, microwave was 
outputted from the magnetron 106, the plasma was generated on condition that the following, 
and the thickness of the oxide film of the silicon substrate 113 after plasma oxidation was 
measured by the ellipsometer. In addition, the microwave radiation plate used what is shown in 
drawing 2 used in the examples 1-3. 

[0042] As a dielectric window 104, the quartz plate (a dielectric constant 3.8, dielectric loss 
<1.0x10-4@2.45GHz) with a diameter [ of 380mm (vacuum-housing side: 350mm) ] and a 
thickness of 50mm was installed, microwave -r frequency: — 2.45GHz — output — it was 
referred to as 2.5kW (about 2.6W/cm 2), hot plate temperature was maintained at 400 degrees C, 
distance between the top face of a silicon substrate 1 13 and the underside of a dielectric 
window 104 (L11) was set to 60mm, and plasma treatment was performed, without impressing 
high frequency bias to the silicon substrate 113 on the substrate electrode 114. As gas for 
plasma excitation, 1.7x10-2 Pa-m3/sec supply of 0.5 Pa-m3/sec and 02 was carried out for Kr, 
by the pressure regulating valve 112, the pressure in the processing container 101 was adjusted 
to 133Pa, it discharged for 10 minutes, and plasma oxidation processing of a wafer was 
performed. 

[0043] Moreover, plasma treatment was performed on the same conditions as the above except 
having adjusted the pressure in the processing container 101 to 80Pa by the pressure regulating 
valve 112. Consequently, distribution of the thickness of the silicon oxide formed on the 
substrate became concentric circular mostly. The average thickness of the direction of a path is 
shown in drawing 7 . In the case of 80Pa, the periphery section on a substrate has thickness 
thicker than a center section, and drawing 7 shows that the oxidation rate of a center section is 
quicker in the case of 133Pa to a thing with a quick oxidation rate. 

[0044] Next, using the equipment shown in drawing 4 , on the same conditions as the case of the 
equipment shown in drawing 1 and 2, plasma oxidation processing of the silicon substrate 41 3 
was carried out, and the thickness of an oxide film (oxidation silicone film) was measured by the 
ellipsometer. Consequently, distribution of the thickness of the silicon oxide formed on the 
substrate became concentric circular with homogeneity mostly. The average thickness of the 
direction of a path is shown in drawin g 8 . It turns out that that difference is small about this 
result although the oxidation rate of thickness distribution of the oxide film in 80Pa to the 
periphery section is still quicker than a center section as compared with drawing 7 , and 
distribution homogeneity is improved. Furthermore, on the whole, the formation rate of an oxide 
film is quick. While the power of microwave comes to be efficiently supplied to the plasma by 
changing the configuration of a dielectric window from this, it turns out that distribution 
homogeneity is improving. Also in 133Pa, on the whole, the oxidation rate is quick, and it can say 
that it is the same as that of the case where it is 80Pa. 

[0045] Furthermore, using the equipment shown in drawing 5 and 6, on the same conditions as 
the case of the equipment shown in drawing 1 and 2, plasma oxidation processing of the silicon 
substrates 513 and 613 was carried out, and the thickness of an oxide film (oxidation silicone 
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- film) was measured by the ellipsometer. Consequently, in the case of the equipment shown in 
drawing 5 , distribution of the thickness of the silicon oxide formed on the substrate became 
concentric circular with homogeneity mostly. The average thickness of the direction of a path is 
shown in drawing 9 . This result is known by that the oxidation rate is [ the center section ] 
quick rather than the periphery section at the case of thickness distribution of the oxide film in 
80Pa to drawing 7 , and reverse as compared with drawing 7 . This is because the consistency of 
the plasma to which the radius of a silicon substrate reaches a substrate in the range from 0mm 
to 30mm since the distance (L52) to a dielectric window (plasma production field) is short is 
higher than other range (distance: L51). Therefore, the distribution homogeneity of thickness is 
improvable by the membrane formation rate in the field rising by bringing the distance from the 
dielectric window underside by the side of a vacuum to a substrate close for every field, and 
adjusting the distance. 

[0046] Moreover, in the case of the equipment shown in drawing 6 , distribution of the thickness 
of the silicon oxide formed on the substrate became concentric circular with homogeneity 
mostly. The average thickness of the direction of a path is shown in drawing 10 . It turns out that 
it is improved in the direction in which the oxidation rate of a center section rises, and 
homogeneity is going up this result from thickness distribution of the oxide film in 80Pa as 
compared with drawing 7 . On the other hand, it is improved in the direction in which the 
oxidation rate of the periphery section rises conversely in 133Pa, and homogeneity is going up. 
Apparently, although this is contradictory to the above-mentioned result, even if the dielectric 
window 104 ( drawing 1 ) of a flat-surface configuration is used for it in 133Pa high voltage 
conditions, it has the inclination which the plasma concentrates on a center section. However, 
since it is far 5mm compared with the field (distance: L61) of others [ center section / 
substrate / distance / (L62) / to a dielectric window (plasma production field) 1 it becomes 
thinner than the range of others [ consistency / of the plasma which reaches a substrate ], and 
it is thought that distribution has been improved. On the contrary, although the plasma tends to 
spread in the low voltage of 80Pa since the plasma consistency is thin, the plasma production in 
a field concave by making into a concave a part of field which a surface wave generates 
increases, and it thinks because the stability coupled modes of microwave stopped being 
influenced easily due to the flow and pressure requirement. Therefore, the breadth of the plasma 
was stopped, and near distribution came to be acquired when it is high voltage conditions. 
[0047] As mentioned above, by performing concavo-convex processing to both sides of a 
dielectric window for every field, the power of microwave was intentionally centralized on this 
field, and generation of the homogeneous good plasma with little [ and ] pressure dependence 
was attained. Although plasma oxidation processing of the silicon substrate was carried out and 
the oxide film was formed in the above-mentioned example using drawing 1 and the microwave 
plasma treatment equipment shown in 2, 4, 5, and 6, processes, such as an improvement and 
refining of membrane formation, etching, and a film presentation, and ashing, were able to be 
performed to the substrate which is a processed material in semi-conductor LSI production 
using well-known thin film formation gas, an etchant gas, ashing gas, etc. using the same plasma 
treatment equipment. 
[0048] 

[Effect of the Invention] As explained to the detail above, after taking into consideration the 
thermal reinforcement and the mechanical strength of a microwave radiation plate according to 
this invention While using the thing thicker than the conventional thing as a microwave radiation 
plate So that microwave can emanate efficiently, even if it uses this thick radiation plate Do not 
insert a dielectric in the waveguide of the microwave from a microwave oscillator to the 
dielectric window for microwave transparency, and the inside of waveguide is made into an 
ambient condition. By offering the plasma treatment equipment using the antenna means devised 
so that the guide wave length in an antenna might be made longer than before, and performing 
plasma treatment using this equipment The instability of the plasma by distortion of a microwave 
radiation plate is canceled, and an extremely stable process can be performed. Moreover, 
structure is simplified and it is necessary to use neither the Teflon which supports the expensive 
plate made from a ceramic with which it worries about breakage, and the inner shaft of a coaxial 
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tube, nor the insulator of the ceramics, and according to the plasma treatment equipment of this 
invention, it is simple structure and this processor can be produced in a short period. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the plasma treatment approach of using 
microwave excitation plasma treatment equipment (microwave plasma treatment equipment 
being called hereafter.) and this equipment. It is plasma equipment which has a microwave 
radiation antenna for introducing microwave until 0.5W /results in the large power flux density of 
2 to 20 W/cm2 cm especially. It is involved in the equipment for plasma processes which can 
perform improvement and refining of membrane formation, etching, and a film presentation, and 
ashing at the substrate which is a processed material in semi-conductor LSI production, and the 
plasma treatment approach using this equipment. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] In recent years, as for micro processing of a wafer, sheet 
processing is in use with diameter[ of macrostomia ]-izing of detailed-izing of the device in 
Semi-conductor LSI, and a wafer. In the plasma process of CVD in it, or etching, the source of 
the plasma of DC or high-frequency excitation is used. Moreover, ECR (electron cyclotron 
resonance) is used in the source of the plasma using microwave. In the case of the plasma 
excited by the RF or ECR as mentioned above, it was difficult to generate the uniform plasma 
with the diameter of macrostomia the top to be impressed [ of a magnetic field ] in order to 
generate the plasma of high density. Moreover, there were also a problem that carry out 
sputtering of the chamber wall and metal contamination occurs since plasma potential is as high 
as about 20eV, and ion irradiation energy [ further as opposed to a floating substrate ] and the 
problem of giving a damage to a substrate with 10eV or more since it is high. 

[0003] Then, the method with which electron temperature generates the surface wave plasma of 
low high density also with low plasma potential is developed by introducing microwave into a 
vacuum ambient atmosphere through a dielectric from a slot, and making strong microwave 
electric field using antenna means, such as a radial line slot antenna (following: calling RLSA.). 
For example, with the equipment of a patent [ No. 3136054 ] publication, the dielectric is 
inserted in the interior of an antenna and it is supposed that the plasma can be generated by 
emitting circularly-polarized-wave microwave for a slot from a concentric circle or the pattern 
arranged spirally under a certain regulation, without using a magnetic field efficiently. [ many ] 
[0004] On the other hand, the dielectric window of microwave permeability is not installed in a 
chamber wall by patent No. 2928577, but the equipment which performs a vacuum seal with the 
dielectric inside an antenna and the waveguide of an antenna is indicated. "Two or more slits of 
the shape of a thin line from which the sense differs mutually are arrays in large numbers to the 
shape of a concentric circle or a swirl" of the slot is carried out, and it shortens guide wave 
length lambdag inside an antenna with the dielectric inside an antenna. Moreover, by using a 
magnetic field, it supposes that the plasma is generated by the synergistic effect of microwave 
and a magnetic field, and working pressure is dramatically made into low voltage with the 10- 
3Torr base (- 1 0-1 Pa base). 
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- * NOTICES * 
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EFFECT OF THE INVENTION 

[Effect of the Invention] As explained to the detail above, after taking into consideration the 
thermal reinforcement and the mechanical strength of a microwave radiation plate according to 
this invention While using the thing thicker than the conventional thing as a microwave radiation 
plate So that microwave can emanate efficiently, even if it uses this thick radiation plate Do not 
insert a dielectric in the waveguide of the microwave from a microwave oscillator to the 
dielectric window for microwave transparency, and the inside of waveguide is made into an 
ambient condition. By offering the plasma treatment equipment using the antenna means devised 
so that the guide wave length in an antenna might be made longer than before, and performing 
plasma treatment using this equipment The instability of the plasma by distortion of a microwave 
radiation plate is canceled, and an extremely stable process can be performed. Moreover, 
structure is simplified and it is necessary to use neither the Teflon which supports the expensive 
plate made from a ceramic with which it worries about breakage, and the inner shaft of a coaxial 
tube, nor the insulator of the ceramics, and according to the plasma treatment equipment of this 
invention, it is simple structure and this processor can be produced in a short peripd. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, when the antenna of the above-mentioned 
conventional technique aiming at inserting a dielectric in the interior of an antenna, shortening 
guide wave length lambdag, and forming as many slots as possible in a microwave radiation plate, 
and performing homogeneity and efficient microwave radiation in a field is used, a microwave 
radiation plate deforms with time with generation of heat and the heat from a substrate side, and 
there is a problem that the plasma becomes instability. Moreover, when the microwave radiation 
plate deformed and the clearance was made between the microwave radiation plate and the 
dielectric inside an antenna, abnormality discharge started by electric-field concentration etc., 
and there was also a problem of occasionally damaging a dielectric. 

[0006] This is because thickness of a microwave radiation plate had to be made very thin with 
about 0.3mm and heat conduction of the part a mechanical strength, or the direction of a path 
got very bad, in order to write guide wave length lambdag short by putting a dielectric into the 
interior of an antenna and to be made not to worsen a radiation property. Although the antenna 
which formed the direct thin film in the metallic conductor which the slot for functioning as an 
antenna opened by technique, such as vacuum evaporation© and plating, was proposed to these 
problems using dielectrics, such as a ceramic, there was a problem that the film separated 
according to the difference of the expansion coefficient between the ingredients by heat, and the 
technical problem was in adhesion. Furthermore, it was what it is hard to use general-purpose 
also in respect of a manufacturing cost or a delivery date. 

[0007] Moreover, there is a problem that equipment will complicate a microwave radiation plate 
according to problems, such as heat removal, although adhesion or the device which carries out 
a pressure welding and suppresses deformation is also considered by the dielectric inside an 
antenna and the microwave transparency aperture by the side of a vacuum housing. To the 
problem why guide wave length lambdag must use a thin microwave radiation plate (namely, slot 
of thin thickness) when short as described above, he can understand by calculating the trespass 
length to a slot and transparency power of microwave. This point is explained below. 
[0008] First, the power P which penetrates a slot can be expressed with a degree type (1). 
(Formula 1) 

P = P0 exp (-t2/delta) .... (1) 

Here, they are P0:charge power, the thickness of tslot, and deltartrespass length. The power P 
which can penetrate a slot decreases exponentially in proportion to the square of slot thickness 
so that clearly from a formula (1). Moreover, the trespass length delta is given by the degree 
type (2). 
(Formula 2) 

6 = 1/(2 tcV Q/2a) J ~ (l/AgJ J ) • ♦ • -(2) 

Here, they are the die length of the long side of a:slot, and the guide wave length of 
lambdag-.microwave. 

[0009] Moreover, when die-length a of the long side of a slot is or more lambdag/2 in this 
formula (2), the sign in the root becomes zero or minus. When the die length of a slot long side is 
longer than the one half of the guide wave length, this means that microwave can transmit power 
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like a waveguide, however thick the thickness of the slot over the travelling direction of 
microwave may be. However, in order to control to usually take out power with a flat surface, 
many less than 1/2 slots of the guide wave length are cut with the antenna which emits 
microwave at a flat surface like this time by the upstream of the propagation of microwave. In 
addition, since all power may be made to be emitted to the slot by the side of the lowest style 
cut by the concentric circle, it is not this limitation. 

[0010] From the above formula (1) and (2), when it is a time of guide wave length lambdag being 
100mm, and 40mm. it asks for the trespass length when setting die-length a of the long side, of a 
slot to a=(lambdag / 2-0.5) mm, respectively actually, for example. In addition, when an alumina 
was used as a dielectric, since lambdag was set to about 1 /rootepsilon to the wavelength 
(122mm @ 2.45GHz) of free space, it calculated as lambdag=40mm as follows from becoming 
about lambdag=40mm actually. - At the time of lambdag=100mm, it is a= 49.5 and is set to delta- 
1 1 1.8mm. - At the time of lambdag=40mm, it is a= 19.5 and is set to delta- 27.9mm. 
[0011] These values are assigned to a formula (1) and the difference in the power transmittivity 



A g (mm) 






t =0. 3 


t =0. 5 


t = X. 0 


t = 3. 0 


10 0 
4 0 




9 9.5 
9 7.9 


9 9.1 
9 6.5 


9 8.2 
9 3.1 


9 4.8 
8 0.7 



[0012] In case microwave penetrates a slot so that guide wave length lambdag is short in spite 
of carrying out near of the die length of the long side of a slot to lambdag/2 so that the result of 
a table 1 may also show (when a dielectric is used), it is greatly influenced of the thickness, and 
transparency power will decrease extremely, so that slot thickness is thick. Moreover, if the 
value of die-length a of this slot long side becomes still shorter and trespass length also 
becomes short, it will come to be further influenced of thickness. In addition, since it does not fill 
up with the dielectric in the thickness direction of a slot strictly when a dielectric is in the 
interior of an antenna, wavelength will become long extremely immediately after emitting 
microwave from a slot, and the effect of thickness is actually predicted to come out further. 
[0013] In the conventional technique, the above is [ guide wave length lambdag ] a reason for 
having to use a thin slot plate, when short. Even if the technical problem of this invention is to 
solve the problem of the above-mentioned conventional technique and performs microwave 
radiation of large power from an antenna means, it is by using an antenna means strong also 
against thermal deformation and a thermal mechanical strength to offer the microwave plasma 
treatment equipment which can perform reliable and extremely stable plasma treatment, and the 
art using this equipment. 
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- * NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 

[Means for Solving the Problem] The microwave excitation plasma treatment equipment of this 
invention The exhaust air means for decompressing the inside of a microwave plasma treatment 
container, and the gas supply means for supplying the gas for exciting the plasma in this 
processing container, An antenna means to have the microwave radiation plate with which it is 
the antenna means formed in the microwave installation side side of the dielectric window for 
microwave transparency prepared in the wall surface of this processing container, and this 
dielectric window, and the slot was formed, In the microwave plasma treatment equipment 
constituted so that it may have the microwave generating means formed in the upstream of this 
antenna means, this dielectric window may be countered and a substrate may be installed in this 
processing container The interior of this antenna means does not have the dielectric plate 
inserted in order to shorten wavelength in tubing, and it is in an atmospheric condition, and the 
pair of the slot from which the sense differs mutually becomes the microwave radiation plate of 
this antenna means from only two or more sets of round being arranged circularly. More than one 
are arranged circularly, the pair of such a slot adjoining mutually. 

[0015] The microwave radiation plate of this antenna means has the thickness of 0.5mm or more 
and 3.0mm or less. It is easy to deform thermally with being less than 0.5mm, and a mechanical 
strength is also low. Moreover, if it exceeds 3.0mm, the radiation property of microwave will 
worsen. In the microwave plasma treatment equipment of this invention, in order to remove heat 
efficiently from a microwave radiation plate, it is desirable that a channel is cut on the inner 
shaft and the body of an antenna of a coaxial tube, and it can be made to carry out to them 
water cooling and to set board thickness of the microwave radiation plate to about 1.0mm 
further. Although the distortion by heat stops being able to happen easily since clearance of heat 
is promoted so that thickness becomes thick, and also reinforcement of a microwave radiation 
plate increases, the radiation property of microwave will worsen. The optimal thickness is set to 
about 1 .0mm to these both problem. Of course, this optimal thickness changes with guide wave 
lengths in the charge power (power flux density) of microwave, or an antenna. 
[0016] Moreover, generally about [ of the guide wave length in an antenna ] 1/2 and its width of 
face of the die length of the slot which was able to be opened in the microwave radiation plate 
are from 4mm to about 8mm preferably from 2mm to about 8mm. It is because there is a 
possibility of disturbing the electromagnetic field of the microwave which the effect of crosswise 
electric field emits when there is a problem that intensity of radiation falls that it is less than 
2mm since opening is small and it exceeds 8mm. When tested using the microwave radiation 
plate which has the slot of 2mm, 4mm, and 6mm width of face, a result by which the thing of 
6mm width of face is stabilized most among those was brought. 

[0017] According to this invention, as for the dielectric window for microwave transparency, it is 
desirable to have the ring-like sleeve so that a plasma excitation field may not contact the 
surface of metal of a direct-processing vessel wall at the periphery section of the field by the 
side of a processing container. Moreover, the shape of surface type and thickness of the center 
section may be adjusted in a field, and the dielectric window for microwave transparency may be 
constituted so that it may have the thickness in which the field of the dielectric window 
corresponding to the predetermined field of a substrate differed from other fields. A dielectric 
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- window is set again to one field of the field by the side of the processing container, and the 
fields by the side of microwave installation. [ whether it is constituted so that heights may be 
prepared in the field of the dielectric window corresponding to the predetermined field of a 
substrate and the thickness of the field of the dielectric window corresponding to the 
predetermined field of a substrate may become thicker than the thickness of other fields, and ] 
Or a crevice is established also in the field corresponding to heights of a field and the field of an 
opposite hand in which these heights were prepared, and it may be constituted so that the 
thickness of the prepared field of these heights and a crevice may become the same as the 
thickness of other fields. 

[0018] Furthermore, a dielectric window prepares a concentric circular level difference in the 
field by the side of the processing container, it is made for the distance from a substrate front 
face to the front face of a dielectric window to change with fields of a substrate, and it may be 
constituted so that the consistency of the plasma to generate may become homogeneity on this 
substrate. This concentric circular level difference may be discontinuously prepared in the 
direction of a path of a dielectric window for the diameter of 1/2 wave of integral multiple. 
Moreover, a dielectric window may have the center-section field which has different thickness 
from other fields, the field which has heights, and the field which has a concentric circular level 
difference, and the thickness of these fields may be about [ of the wavelength of the microwave 
in a dielectric ] 1/4. 

[0019] After considering that the thermal reinforcement and the mechanical strength of a 
microwave radiation plate described above according to this invention While using 0.5-3.0mm, 
and 1 desirablemm and a desirable thick thing compared with 0.3 conventionalmm, the thickness 
of a microwave radiation plate Even if it uses a thick radiation plate, a dielectric is not inserted 
in the waveguide of the microwave from a microwave oscillator to the dielectric window for 
microwave transparency so that microwave can emanate efficiently. It is made for the interior of 
a waveguide to be in an atmospheric condition, and the antenna means devised so that the guide 
wave length in an antenna might be made longer than before is used. By performing plasma 
treatment using such an antenna means, the instability of the plasma by distortion of a 
microwave radiation plate is canceled, and an extremely stable process can be performed. 
Moreover, structure is simplified and it is necessary to use neither the Teflon (trademark) for 
supporting the expensive plate made from a ceramic with which it worries about breakage, and 
the inner shaft of a coaxial tube, nor the insulator of the ceramics. Therefore, the plasma 
treatment equipment of this invention is producible in a short period with simple structure. 
[0020] The microwave plasma treatment approach of this invention is an antenna means which 
there is no dielectric plate in the above-mentioned processor, i.e., the interior, and is in an 
atmospheric condition, and the pair of the slot from which the sense differs mutually is 
performed using microwave plasma treatment equipment equipped with an antenna means to 
have the microwave radiation plate with which only two or more sets of round is arranged 
circularly. The gas pressure in the processing container in this case is 0.1 Pa - 1000Pa, and, as 
for the frequency of the microwave impressed to an electrode, it is desirable that it is 2GHz - 
10GHz. Gas pressure is less than 0.1 Pa, and if it exceeds 1000Pa, discharge starting and 
maintenance will become difficult. Moreover, the plasma consistency of the request by a 
frequency being less than 2GHz is not obtained, but if it exceeds 10GHz, the facility for power 
amplification will become large-scale, and also difficulty is in the handling. 
[0021] 

[Embodiment of the Invention] Hereafter, the microwave plasma treatment equipment concerning 
the gestalt of operation of this invention is explained with reference to drawin g 1 , and 2, 4, 5 and 
6. In the plasma treatment equipment for semi-conductor substrates with which microwave was 
used for drawing 1 as an example of the gestalt of operation of this invention As an antenna 
means to introduce microwave, the interior of the body of an antenna is a cavity. Only a round is 
arranged at two or more set round shape (annular), and ** A of the rectangle slot of sense which 
is different to a microwave radiation plate is the sectional view showing the configuration of the 
equipment with which the thickness of a radiation plate uses the thing of predetermined 
thickness (for example, 1.0mm). Drawing 2 shows an example of the slot pattern which was able 
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- to be opened in the microwave radiation plate. Drawing 4 -6 show the microwave plasma 
treatment equipment concerning the gestalt of another operation of this invention. 
[0022] In drawing 1 , a processing container for 101 to perform plasma treatment and 102 A 
coaxial waveguide converter and an antenna means, pair 103of rectangle slot of sense from 
which 103 differs a (b) (slot pair 103a shown in drawing 2 — ) The microwave radiation plate with 
which 103b is arranged only for a round two or more set annular, The plasma formed in the 
substrate upper part of microwave electric field in order that 104 might perform the dielectric 
window for microwave transparency and 105 might perform etching and membrane formation, 
The magnetron to which 106 oscillates microwave, and 107 An isolator, 108 a waveguide and 110 
for a tuner and 109 The supply means of the gas for plasma formation, The pressure regulating 
valve to which 111 adjusts an exhaust air pump and 112 adjusts the pressure in a container 101, 
An RF generator for the substrate with which 1 13 is carried out in plasma treatment, the 
electrode with which 114 holds a substrate, and 115 to impress a RF to the substrate electrode 
1 14 and a substrate 1 13 if needed, and 1 16 are the adjustment machines for taking impedance 
adjustment of a RF. All the waveguides of microwave until a dielectric etc. is not inserted in the 
waveguide of microwave until it results [ from a waveguide 109 ] in the microwave radiation plate 
103 and it results in a dielectric window 104 are ambient conditions. Moreover, the microwave 
radiation plate 103 is using the thing of thickness (for example, 1mm) predetermined in thickness. 
The ring-like sleeve 117 is formed in the part which is separated from the periphery section of a 
dielectric window 104, i.e., a center section, so that a plasma excitation field may not contact the 
surface of metal of a direct-processing vessel wall. 

[0023] The outline about the plasma treatment approach hereafter performed using the 
equipment shown in drawing 1 and 2 is explained. In the equipment of the gestalt of this 
operation, the gas for exciting the plasma 105 with the gas supply means 1 10 is supplied in the 
processing container 101, a raw material and reaction secondary generation gas are exhausted 
by the exhaust air pump system 111, the inside of a container 101 is made reduced pressure, 
and a pressure regulating valve 112 adjusts the process pressure in a container 101. The 
microwave oscillated and amplified with the microwave power source (magnetron) 106 is 
introduced into the antenna means 102 through a tuner 108, and is emitted from the rectangle 
slots 103a and 103b which were able to be opened in the microwave radiation plate 103. 
Although a reflected wave is returned to a container 101 side by the tuner 108 at this time, 
about the reflected wave which cannot be adjusted, it absorbed with the isolator 107, and has 
prevented returning to a magnetron 106. The microwave emitted through Slots 103a and 103b 
from the microwave radiation plate 103 is introduced inside the container 101 under a vacuum 
ambient atmosphere through a dielectric window 104, and forms the plasma 105 in a container 
101 by the electromagnetic field which this microwave makes. 

[0024] If the consistency of the formed plasma 105 exceeds the cut-off consistency of 
microwave near the dielectric window 104, the trespass length of microwave will become several 
mm, a part of energy will be absorbed by the plasma 105 in the range of several mm in the 
plasma, and the remainder will be reflected. Although the density distribution of the generated 
plasma 105 can be adjusted to homogeneity at a flat surface depending on a slot pattern, it 
depends for it also on the pressure in the processing container 101 at that time, or the 
configuration of a dielectric window 104 greatly. Thus, by diffusion, the generated plasma 105 can 
reach to a substrate 1 1 3, and can perform desired plasma treatment to a substrate 1 1 3. 
[0025] Next, the plasma treatment equipment which is the gestalt of another operation of this 
invention is explained. In the plasma treatment equipment which is another example of the 
gestalt of operation of this invention shown in drawing 4 , in the field of a concentric circle, i.e., 
the field from the core of a circular dielectric window to the predetermined equal distance, 
heights (diameter. D4) are prepared in the front face by the side of atmospheric air (microwave 
installation side) as a dielectric window 404 which constitutes the introductory aperture of 
microwave, and the dielectric window which changed the thickness of the part is used. The 
pattern of a slot pair is the same configuration as what is shown in drawing 2 , and other 
configurations are the same configurations as what is shown in drawin g 1 , and especially about 
the sign in drawing 4 , unless it refuses, the same sign as drawing 1 shows the same 
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configuration. 

[0026] The dielectric window 404 which is an introductory aperture of microwave may be 
produced from the thing of the construction material described below like the dielectric window 
104 shown in drawing 1 . When using a quartz plate with a thickness of 50mm f in the field of the 
range (D4) to phi= 95mm t the atmospheric-air side of a dielectric window 404 is used as a 
convex type, and thickness for the convex part is set to 60mm. For example, the thickness of 
the field where the radius of a substrate is located in right above [ of it ] in the field of the range 
(D4x1/2) from 0mm to 47.5mm is set to 60mm, and, as for the thickness of the dielectric window 
in right above [ of a diameter (Dw)200mm silicon substrate ], the thickness in other fields is set 
to 50mm. 

[0027] In the plasma treatment equipment which is another example of the gestalt of operation 
of this invention shown in drawing 5 , as a dielectric window 504 which constitutes the 
introductory aperture of microwave, heights (diameter. D5) are prepared in the front face by the 
side of a vacuum at reverse, and the dielectric window which changed the thickness of the part 
is used with the case of drawing 4 in the field of a concentric circle, i.e., the field from the core 
of a dielectric window to the predetermined equal distance. The pattern of a slot pair is the same 
configuration as what is shown in drawing 2 , and other configurations are the same 
configurations as what is shown in drawing 1 , and especially about the sign in drawing 5 , unless 
it refuses, the same sign as drawing 1 shows the same configuration. 

[0028] The dielectric window 504 which is an introductory aperture of microwave may be 
produced from the thing of the construction material described below like the dielectric window 
104 shown in drawing 1 . When using a quartz plate with a thickness of 44mm, the vacuum side 
of a dielectric window 504 is used as a convex type in the field of the range (D5) to phi= 60mm, 
and thickness for the convex part is set to 60mm. For example, the thickness of the field where 
the radius of a substrate is located in right above [ of it ] in the field of the range (D5x1/2) from 
0mm to 30mm is set to 60mm, and, as for the thickness of the dielectric window in right above 
[ of a diameter (Dw)200mm silicon substrate ], the thickness in other fields is set to 44mm. 
Moreover, in the field (D5x1/2) from 0mm to 30mm, the radius of a substrate sets distance (L52) 
from a substrate to a dielectric plate to 40mm, and has set the distance (L51) to 56mm in other 
fields. 

[0029] In the plasma treatment equipment which is still more nearly another example of the 
gestalt of operation of this invention shown in drawing 6 As a dielectric window 604 which 
constitutes the introductory aperture of microwave, the field of a concentric circle, That is, it is 
processed so that a crevice may be established in the front face by the side of microwave 
installation on the front face by the side of heights and a vacuum in the field from the core of a 
dielectric window to the predetermined equal distance, and the dielectric window constituted so 
that the thickness of the dielectric window itself might turn into the same thickness in every 
field is used. The pattern of a slot pair is the same configuration as what is shown in drawing 2 , 
and other configurations are the same configurations as what is shown in drawing 1 , and 
especially about the sign in drawing 6 , unless it refuses, the same sign as drawing 1 shows the 
same configuration. 

[0030] The dielectric window 604 which is an introductory aperture of microwave may be 
produced from the thing of the construction material described below like the dielectric window 
104 shown in drawing 1 . When using a quartz plate with a thickness of 50mm, the vacuum side 
of a dielectric window 604 is made into a concave in the field of the range (D6) to phi= 60mm. 
Diameter (Dw) from a substrate 613 about the distance to the dielectric window in right above 
[ of a 200mm substrate ] The radius of a substrate sets the distance (L62) to 65mm in the field 
of the range (D6) from 0mm to 30mm, and has set the distance (L61) to 60mm in other fields. 
Although the pressure in the above-mentioned plasma treatment container changes with process 
conditions, generally it can acquire preferably 0.1 Pa - 1000Pa of desired effectiveness in the 
range of 5Pa - 1000Pa. As for the distance (L11, L41, L51, L52, L61, L62) of the underside of a 
dielectric window, and the top face of a substrate, it is desirable to make it the range of 30mm - 
120mm generally with relation, such as a plasma consistency, an oxidation rate, and thickness 
distribution homogeneity. 
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[0031] As described above, when changing the thickness of a dielectric window within the limits 
of predetermined, it is desirable to make the thickness into about lambdag of the wavelength 
(lambdag) of the microwave in a dielectric / 4. Since field strength of microwave is ****(ed) 
according to the situation of the standing wave which exists there, if a center section is the 
optimal thickness, in the thin periphery section, a plasma consistency will become low. This is 
because field strength does not necessarily become strong in the thin part only by making 
thickness of a dielectric window thin selectively. Therefore, the thing [ as / in this invention ] 
which the thickness of a center section is specified and is established for the level difference of 
lambdag/4 of the wavelength of the microwave in a dielectric is effective. Even if arranged in the 
shape of [ of a concentric circle ] a ring, the range which gives the range or level difference 
which changes the thickness of a dielectric window was distributed suitably, and may be 
arranged. 

[0032] In order to choose suitably from within the limits of 2GHz - 10GHz the frequency of the 
microwave supplied in order to generate the plasma of high density generally and to make it the 
plasma consistency [ directly under ] of a dielectric window reach the cut-off consistency of 
microwave, it is good to choose charge power from within the limits of 1 W/cm2 - 5 W/cm2 
suitably preferably to the area under a dielectric window, and to perform a process. Although it 
changes as process gas with each processes, such as formation of deposition film (an insulator 
layer, the semi-conductor film, metal membrane, etc.), formation of the thin films (a silicon 
system semi-conductor thin film, a silicon compound system thin film, a metal thin film, metallic- 
compounds thin film, etc.) by the CVD method, etching on the front face of a substrate, ashing 
clearance of the organic component on a substrate front face, oxidation treatment on the front 
face of a substrate, and cleaning of the organic substance on the front face of a substrate, 
various well-known gas can be chosen suitably and can be used, for example, one or more kinds 
of well-known gas — the inside of a process — at least — a total — what is necessary is just 
to introduce more than 8.5x10-2 Pa-m3/sec 

[0033] What is necessary is just to choose it from within the limits of -40 degrees C - 600 
degrees C suitably generally, although the support stage temperature of a substrate changes 
with each processes, such as etching and membrane formation. Especially the substrate made 
into a processing object is not restricted, for example, not only a semi-conductor substrate but 
a glass substrate, a plastic plate, an AITiC substrate, etc. can be used for it. As a dielectric 
which constitutes the introductory aperture of microwave, a mechanical strength is enough, and 
especially if dielectric loss is a very small ingredient so that the permeability of microwave may 
become sufficiently high, it will not be restricted, for example, a quartz, an alumina (sapphire), 
alumimium nitride, silicon nitride, a carbon fluoride polymer, etc. can be used. 
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EXAMPLE 

[Example] Hereafter, the example of this invention is further explained to a detail with reference 
to a drawing. 

When the antenna means which carried the microwave radiation plate 103 of this invention 
shown in drawing 2 in the antenna means 102 of the equipment shown in drawing 1 is used, 
(Example 1) In order to carry out comparative evaluation of the stability of both plasma to 
generate about the case where the antenna means carrying the conventional microwave 
radiation plate 303 (slot pairs 303a and 303b) shown in drawing 3 instead of this antenna means 
102 is used, Time amount after lighting the plasma until the variation rate of a flash or a big 
tuner is looked at by the plasma was measured. 

[0035] The above-mentioned assessment was performed using the equipment shown in drawing 
1 which used the same component except the antenna means which carried the microwave 
radiation plates 103 and 303, respectively. The OFF of the slot pairs 303a and 303b of 3 rounds 
of a concentric circle as the disk of an alumina dielectric with a thickness of 4mm inserted in the 
interior of an antenna and shown in drawing 3 as a conventional antenna means used the 
microwave radiation plate 303 with a diameter [ a certain / of 336mm ]. and a thickness of 
0.3mm. On the other hand, as an antenna of this invention, a dielectric was not inserted in the 
interior of the antenna means 102, but the OFF of the slot pairs 103a and 103b of 1 round as 
show the interior to drawing 2 as a layer of air with a thickness of 15mm used the microwave 
radiation plate 103 with a diameter [ a certain / of 336mm ], and a thickness of 1mm. 
[0036] Putting the plate of a quartz on the substrate electrode 1 1 4 as a substrate 1 1 3, 
substrate bias did not impress. 0.5 Pa-m3/sec (300sccm) installation of the Ar gas was carried 
out by reference condition from the gas supply means 1 10 at the processing container 101, and 
the exhaust air pump system 111 and the pressure regulating valve 112 adjusted the pressure in 
the processing container 101 to 20Pa and 133Pa. After pressure regulation was completed, 
microwave power was introduced at a stretch with the output of 2.5kW, and the plasma was 
generated. 

[0037] The time amount taken for the plasma generated as mentioned above to become 
instability is summarized in the following table 2. 
(A table 2) __ 







wot 


2 0 P a 
1 3 3 P a 


1 81* 
3 53> 


1 0#EU: 



In the case of the antenna means of this invention, the result of a table 2 shows that the 
stability of the plasma resulting from an antenna is improving substantially. 

[0038] (Example 2) In order to compare the effectiveness which introduces the microwave power 
of an antenna to the plasma, the minimum of the microwave power which plasma ignition takes, 
and the maintaining-a-discharge power after plasma ignition was investigated using the antenna 
means of the same conventional type as the case of an example 1, and the antenna means of 
this invention. Putting the plate of a quartz on the substrate electrode 1 14 as a substrate 113, 
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substrate bias did not impress. 0.5Pa and m3-/sec (300sccm) installation of the Ar gas was 
carried out by reference condition from the gas supply means 110 at the processing container 
101, and the exhaust air pump system 111 and the pressure regulating valve 112 adjusted the 
pressure in the processing container 101 to 133Pa. Increasing microwave power, namely, seeing 
a potentiometer, after pressure regulation was completed, the output is increased until it 
introduces microwave power gradually from the output of O.OkW and the plasma lights it, and the 
discharge-starting power was investigated. Moreover, even after the plasma lit, the output was 
made to once increase to 2.0kW, and the output in case an output is decreased conversely and 
discharge disappears after that was investigated. 

[0039] The result about the discharge-starting power obtained in this way and the maintaining- 
a-discharge minimum power is summarized in the following table 3. 



(A table 3) 










4 0 OW 


4 0 0W 




3 3 0 W 


3 5 0W 



Since in the case of the antenna means of this invention there is almost no inferiority in a 
discharge property even if compared with the conventional antenna means, the result of a table 
3 shows that there is almost no effect (the conventional radiation plate thickness: 0.3mm, 
radiation plate thickness of 1 .0mm of this invention) which the thickness of a microwave 
radiation plate increased. 

[0040] (Example 3) In the conventional antenna means, the pattern of a microwave radiation 
plate was the same as that of drawing 3 , and investigated discharge-starting power and the 
maintaining-a-discharge minimum power like the case of an example 2 about what set only 
thickness to 1.0mm. Consequently, even if it supplied 2.0kW or more of microwave outputs, 
discharge did not take place. What [ not only ] is depended on the effect of reduction of the 
transparency power by count as only shown with a table 1 from this but since the dielectric is 
not strictly inserted into the thickness of 1.0mm of a slot, it turns out that microwave is almost 
covered by the thickness of a microwave radiation plate. 

[0041] (Example 4) Kr/02 plasma is generated using the equipment of drawing 1 and this 
invention shown in 2, 4, 5, and 6, and measurement of the thickness of the oxide film of the 
processing wafer after oxidizing a silicon substrate directly is explained. Oxidation treatment of a 
silicon substrate which first is performed using the equipment shown in drawing 1 and 2 is 
explained. After installing the dielectric window 104 in the introductory aperture of microwave 
and setting a silicon substrate 113 in the vacuum processing container 101, microwave was 
outputted from the magnetron 106, the plasma was generated on condition that the following, 
and the thickness of the oxide film of the silicon substrate 113 after plasma oxidation was 
measured by the ellipsometer. In addition, the microwave radiation plate used what is shown in 
drawing 2 used in the examples 1-3. 

[0042] As a dielectric window 104, the quartz plate (a dielectric constant 3.8, dielectric loss 
<1.0x10-4@2.45GHz) with a diameter [ of 380mm (vacuum-housing side: 350mm) ] and a 
thickness of 50mm was installed, microwave — frequency: — 2.45GHz — output: it was 
referred to as 2.5kW (about 2.6W/cm 2), hot plate temperature was maintained at 400 degrees C, 
distance between the top face of a silicon substrate 113 and the underside of a dielectric 
window 104 (L1 1) was set to 60mm, and plasma treatment was performed, without impressing 
high frequency bias to the silicon substrate 1 13 on the substrate electrode 1 14. As gas for 
plasma excitation, 1.7x10-2 Pa-m3/sec supply of 0.5 Pa-m3/sec and 02 was carried out for Kr, 
by the pressure regulating valve 112, the pressure in the processing container 101 was adjusted 
to 133Pa, it discharged for 10 minutes, and plasma oxidation processing of a wafer was 
performed. 

[0043] Moreover, plasma treatment was performed on the same conditions as the above except 
having adjusted the pressure in the processing container 101 to 80Pa by the pressure regulating 
valve 112. Consequently, distribution of the thickness of the silicon oxide formed on the 
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- substrate became concentric circular mostly. The average thickness of the direction of a path is 
shown in drawing 7 . In the case of 80Pa, the periphery section on a substrate has thickness 
thicker than a center section, and drawing 7 shows that the oxidation rate of a center section is 
quicker in the case of 133Pa to a thing with a quick oxidation rate. 

[0044] Next, using the equipment shown in drawing 4 , on the same conditions as the case of the 
equipment shown in drawing 1 and 2, plasma oxidation processing of the silicon substrate 413 
was carried out and the thickness of an oxide film (oxidation silicone film) was measured by the 
ellipsometer. Consequently, distribution of the thickness of the silicon oxide formed on the 
substrate became concentric circular with homogeneity mostly. The average thickness of the 
direction of a path is shown in drawing 8 . It turns out that that difference is small about this 
result although the oxidation rate of thickness distribution of the oxide film in 80Pa to the 
periphery section is still quicker than a center section as compared with drawing 7 , and 
distribution homogeneity is improved. Furthermore, on the whole, the formation rate of an oxide 
film is quick. While the power of microwave comes to be efficiently supplied to the plasma by 
changing the configuration of a dielectric window from this, it turns out that distribution 
homogeneity is improving. Also in 133Pa, on the whole, the oxidation rate is quick, and it can say 
that it is the same as that of the case where it is 80Pa. 

[0045] Furthermore, using the equipment shown in drawing 5 and 6, on the same conditions as 
the case of the equipment shown in drawing 1 and 2, plasma oxidation processing of the silicon 
substrates 513 and 613 was carried out, and the thickness of an oxide film (oxidation silicone 
film) was measured by the ellipsometer. Consequently, in the case of the equipment shown in 
drawing 5 , distribution of the thickness of the silicon oxide formed on the substrate became 
concentric circular with homogeneity mostly. The average thickness of the direction of a path is 
shown in drawing 9 . This result is known by that the oxidation rate is [ the center section ] 
quick rather than the periphery section at the case of thickness distribution of the oxide film in 
80Pa to drawing 7 , and reverse as compared with drawing 7 . This is because the consistency of 
the plasma to which the radius of a silicon substrate reaches a substrate in the range from 0mm 
to 30mm since the distance (L52) to a dielectric window (plasma production field) is short is 
higher than other range (distance: L51). Therefore, the distribution homogeneity of thickness is 
improvable by the membrane formation rate in the field rising by bringing the distance from the 
dielectric window underside by the side of a vacuum to a substrate close for every field, and 
adjusting the distance. 

[0046] Moreover, in the case of the equipment shown in drawing 6 , distribution of the thickness 
of the silicon oxide formed on the substrate became concentric circular with homogeneity 
mostly. The average thickness of the direction of a path is shown in drawing 1 0 . It turns out that 
it is improved in the direction in which the oxidation rate of a center section rises, and 
homogeneity is going up this result from thickness distribution of the oxide film in 80Pa as 
compared with drawing 7 . On the other hand, it is improved in the direction in which the 
oxidation rate of the periphery section rises conversely in 1 33Pa, and homogeneity is going up. 
Apparently, although this is contradictory to the above-mentioned result, even if the dielectric 
window 104 ( drawing 1 ) of a flat-surface configuration is used for it in 133Pa high voltage 
conditions, it has the inclination which the plasma concentrates on a center section. However, 
since it is far 5mm compared with the field (distance: L61) of others [ center section / 
substrate / distance / (L62) / to a dielectric window (plasma production field) ], it becomes 
thinner than the range of others [ consistency / of the plasma which reaches a substrate ], and 
it is thought that distribution has been improved. On the contrary, although the plasma tends to 
spread in the low voltage of 80Pa since the plasma consistency is thin, the plasma production in 
a field concave by making into a concave a part of field which a surface wave generates 
increases, and it thinks because the stability coupled modes of microwave stopped being 
influenced easily due to the flow and pressure requirement. Therefore, the breadth of the plasma 
was stopped, and near distribution came to be acquired when it is high voltage conditions. 
[0047] As mentioned above, by performing concavo-convex processing to both sides of a 
dielectric window for every field, the power of microwave was intentionally centralized on this 
field, and generation of the homogeneous good plasma with little [ and ] pressure dependence 
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was attained. Although plasma oxidation processing of the silicon substrate was carried out and 
the oxide film was formed in the above-mentioned example using drawing 1 and the microwave 
plasma treatment equipment shown in 2, 4, 5, and 6, processes, such as an improvement and 
refining of membrane formation, etching, and a film presentation, and ashing, were able to be 
performed to the substrate which is a processed material in semi-conductor LSI production 
using well-known thin film formation gas, an etchant gas, ashing gas, etc. using the same plasma 
treatment equipment. 



[Translation done.] 



http://www4.ipdl. ncipi.go.jp/cgi-bin/tranj/veb_cgLejje 



2006/08/07 



JP t 2003-1 68681 f A [DESCRIPTION OF DRAWINGS] 



1/2 K-i; 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The typical sectional view showing the example of 1 configuration of the microwave 
plasma treatment equipment concerning the gestalt of operation of this invention. 
[Drawing 2] The top view showing typically an example of the antenna pattern of the microwave 
radiation plate used for an antenna means in the microwave plasma treatment equipment 
concerning this invention. 

[Drawing 3] The top view showing typically an example of the antenna pattern of the microwave 
radiation plate used for the antenna means of a conventional type in the microwave plasma 
treatment equipment concerning this invention. 

[Drawing 4] The typical sectional view showing the configuration of the microwave plasma 
treatment equipment concerning the gestalt of another operation of this invention. 
[Drawing 5] The typical sectional view showing the configuration of the microwave plasma 
treatment equipment concerning the gestalt of another operation of this invention. 
[Drawing 6] The typical sectional view showing the configuration of the microwave plasma 
treatment equipment concerning the gestalt of still more nearly another operation of this 
invention. 

[Drawing 7] The graph which shows the average thickness of the direction of a path about the 
silicon oxide formed using the equipment shown in drawing 1 . 

[Drawing 8] The graph which shows the average thickness of the direction of a path about the 
silicon oxide formed using the equipment shown in drawing 4 . 

[Drawing 9] The graph which shows the average thickness of the direction of a path about the 
silicon oxide formed using the equipment shown in drawing _5 . 

[Drawing 10] The graph which shows the average thickness of the direction of a path about the 
silicon oxide formed using the equipment shown in drawing 6 . 
[Description of Notations] 

101 Body of Plasma Treatment Container 102 Coaxial Waveguide Converter and Antenna 

103 Microwave Radiation Plate 104 Dielectric Window for Vacuum Seals 

105 Plasma 106 Magnetron 

107 Isolator 108 Tuner 

109 Waveguide 110 Gas Supply Means 

1 1 1 Exhaust Air Pump System 1 1 2 Pressure Regulating Valve 

113 Substrate 103a, 103B Slot 

1 1 4 Substrate Electrode 1 1 5 RF Generator for Substrate Electrodes 
1 1 6 Adjustment Machine for Substrate Electrodes 1 1 7 Sleeve 

303 Microwave Radiation Plate 303a, 303B Slot 
404 Dielectric **** 413 Substrate 

L41 Distance between dielectric ****-substrates Dw Substrate field 

D4 Dielectric **** thickness modification field 504 Dielectric **** 

513 Substrate L51 Distance between Dielectric ****-Substrates 

L52 Distance between dielectric ****-substrates (thickness modification section) 

D5 Dielectric **** thickness modification field 604 Dielectric **** 
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• 613 Substrate L61 Distance between Dielectric ****-Substrates 

L62 Distance between dielectric ****-substrates (configuration modification section) 
D6 Dielectric window thickness modification field 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 6] 
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[ 0 0 2 9 ] m 6 CC7jkT2)s:^©I96C^S§0$ 6CCJS0 

a»A-«*»Ji5TSB«*2e6 0 4 £ It, |5M>R<DSf 

«ccfci>rv^^oifia»A9J<o*B«:eiSB, X^ffljo* 
*$c i r *> m cm $ tc fc £ J: 5 fcittos u tcmm 

[0 0 3 0] W ^ njg<D*AST-*£Bt*ffcS.6 0 4 
S 1 CC^TSmffcS 1 0 4 <fcH«fc«T&^£t«t 

-2>*^, ^x.^, <^>= 6 0mm£TCD«ffl (D6) (D« 
««l*5t^rR«fl^6 0 4<DXSWJ*PflSK:U 
13^6Il(Dw) 2 0 OmmCD^^CDHiCC^)^^ 

3 Omm^rcDffiS (D6) ©««5C*5t»rtt*<DE« 
(L62) £65mm<tU *©fftO«W«:*5C»r»* 
©EUt (L6 1) £6 OmmiU^)^ ±IB^*^X-7 

BBC. 0. lPa-lOOOPa, ^^L<«5 Pa- 
1 0 0 0 P aO«HiC*Jl»T0fa©SS**»4C 
tSo »*(«KOTffliS«(3[>±ffl<b<OBBHt (LI 1, 
L4L L51, L52, L6 K L62) It ?*^X 

«CC, 3 0 mm^ 1 2 0 mmOBKCtS C I 

[ 0 0 3 1 ] _hfei/fc <fc 9 «:R*tt^<0«$ «:»fS©tt 

o«* ( a g) ©a g/4iam»*«a*i^ ^ 



11 

[0 0-3 2 ] KSK^^X^Sr^JSErS/c^CCtt, fa 
AT*^*P«©JSSS»*. 2GHZ-10 

|ftH<^lW/cm 2 -5W/cm z <D® 

tt< £&£-ff-8. 5xl0" 2 Pa-mVse ctl± 

[0 0 3 3 ] SSOj^Xf^-^iBKtt, x*^>^-$> 
j^*D£^a^xcc<£^TS&£#, — «cc, -4 0 

«6f, #^XS«. 7 7Xf -^IS, AlTiC 

*n^a$«:*ijiR3nr, 53?, r;^^ (it? 

[0034] 



(7) ^2 0 0 3- 1 68 68 1 

12 

* (HiSWI Oil «:^til©7 >x 1 0 2 scfc 

0 3 (*P » h-^73 0 3 a, 3 0 3 b) *J5«l,/cT 

H. n £ £ r ©BSIH *fttH L fc 0 
10 [ 0 0 3 5 ] iSSWBtt, -70oSMil03 ( 3 

0 3**ti*tifflRLfcr>^*sew«, m—<om 

OT^5^8»»CDR«3&s}fASnr*5 0, */c, ^3 
Kl^r<J:^ai3[|^R03ffl(DXa^ F-XT3 0 3 a. 3 
0 3bO^-9td5>^Il3 3 6mm, 0 . 3 mm© 
•7Oa«MS3 0 3^SfUc fl *«?B<DT 
>ftiim 7>ft^gl0 2(DrtWc«ilft 
£»A#t\ rtSPSrJf £ 1 5mm(D^01(!:Lr, 0 
20 2&t*rr<£ ; 5& lilOXa v h^T 1 0 3 a, 103 b 
<£>^-?T&£Htl3 3 6mm, Jl£ 1 mm<D W uig 
SCS*S1 0 3£^U/t 0 

[0 0 3 6] S«m@ 1 1 4&c«:Sg 1 1 3 £ Lt5l 

(Dfozmz. *«^-rrxttEp»iua^-ofc. #x«te 

*S 1 1 0 3&>6«ffll«FS 1 0 1 A r *«W*«T 
0. 5Pa*m 3 /sec (300sccm) iAl, 
1 1 l£li;fciflS#l 12iUo 
1 0 1 rtCDE^S: 2 0 P a J:tf 1 3 3 P 

30 *ffl*2. 5kWt-^ciAUt7 7X7^U 

/to 

[0 03 7 ] ±ga©<fc5KLT£jffiLfc:/^Xv#:F£ 
5£{c&S*rccS-r-&^BI4^<3D«2«:S<h«)5o 
(*2) 









2 0 P a 
1 3 3 P a 


1 89 
3 59 


8#109 | 
1 0#EU: 



[0 0 3 8] (JB56092) TZsT-r<D-?J Wfc^V- 
S^mS 1 1 4 ccttSfi 1 1 3 t 0T53£<D«*«# . 



6«yiSS 1 0 1 (CA r #X€r«i«#!ire 0 . 5 P a • 
m 3 /sec (300sc cm) 3*AU Vm^l/V^ 
XfAl l liJE^iiS^l 1 2 -?T, MSSS 
1 0 1 rtOBE^J* 1 3 3 P afcSISEl/fc. H^ii^cD^ 

Crisis* z^frtewh. 4 >? umnjj&mji 
o. o kw^6»^cc«AUT^x^^-rs*r 



(8) 
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[oo39]^< Lxmhtitctkmmtk&tittfcmmm* 
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(313) 











4 0 0 W 
3 3 0 W 


4 0 0W 

3 5 OW | 



&J1# : 0. 3 mm. ^B^oSfcft&JI^ 1 . Omm) 

[0 04 0] (HSS033) Se*<DT>^^©tC*50 

tt£l. OmmJCl/c^^r, 2 

~?>(2zimMJ]Z2. OkW«±fiAUt>»« 
ttgc^Wofc coci*6. 1 TSVT J: 5 

tt< . JRacc«^n ? 1 . 0 mmfiKIWP 

So 

[0 04 1] (HJS^4) Bl. 2, 4, 5, &t>'6&c 

10 4*RIU. i/'J3>«Rl 1 3*Jia*HiS»l 

0 1 rtCC-fe » h L/cfg, 7^hq>106*6v-f^ 

attiffl^Lr-FEoSfef^-c^^xvt^JSo, ^x 
^Wb»©t/y=i>»«i i 3CE>wtwo»s*xy 

SfeM 1 - 3 -cfflltfcH 2 CC7ftTfc©*JBl>fc. 
[0 042]^lM104<bir, IS3 8 0mm 
(K£S*fflJ : 3 5 Omm) . *3 5 OmmOT^K 
<B*S3. 8, 8t»»^< 1 . 0 x 1 0* 4 @2. 4 
5GHz) *8WUfc. v^^niftBJB*»: 2. 4 5 
GHzttti* : 2. 5 kW OR 2. 6W/cm 2 ) <fc 
U h:/U- HfiK*4 0 0°CCatB#U 
SSI 1 3<0±®<?:^mf*^l 0 4<DTW£<Dffl<DVm 
(LI 1 ) £6 OmmiU, g&^S 1 1 4±te£>& 
^'J3>lfil 1 3CC«i«H«[^VT^*EP»nr4C<b 

r, Kr£0. SPa-mVsec, O. *1. 7x 

1 0" 2 Pa-mVse c«l&U EE*BSW 1 1 2 
^ot^lg^l 0 lft<DEE^£ 1 3 3 P aCCi^ 



[0 04 3] E^JPig^l 1 2*c<fcor«UI§S 
10 ll*3<DjE^£8 0 Pa^SU/cCi^t _htE 

jfcfc . 8 0 P a (D»^», £«±©fl-JS«#**8B«J: 0 
. mfcaK3&sat»<OK:»U. 133PaO 

So 

[0 0 4 4] ^tc, H4CC7nTSS**fl!tr>T\ BifcJ: 
o' 2 (csvrawwte i . U U a >S« 4 

1 3^7 7Xv^tML, &{tJK (if^'J3>l) 

^t, CCD^m^rl^ 7 ii:bS*r Si, 8OPa(Di|^0 
Wb«©«»*HW> 6 , ftjaSK J#c£***SB cfc 0 UKt 

tcK{k«<DjgflEiiK^iS< tto-cc^. ecocide, 

30 ^H4^±L"C^SCch^^)^So 133PaCDia 
dfc, *f*WCCfMfciia»*a<tt^T*50, 80Pa© 

[0 04 5 ] $6CC, H5*5<fc^8CC7S-r»«€:mc» 
T, Hl*<tt/2«C*r«jB©«^i;H«©*frr, ^> 
'J3>1«5 13,61 3^:77XvHWlL, Kffc 

40 flMS**H7iH«-r*<b, 8 0 PaOW^CDBMtH© 

^7(Di#^<bi^^4= i *a5^^a5^o t 

3>1S©$1^0 mm^e 3 0 mm£T'CDffiHK:*5(^ 
T. ■!«{*& («X7tffl«) *rcDffi« (L5 

2 ) &m^tc&>ttcmfaicmm?2> x-^cDSS^ffeo 

©ffl (lEUt : L5 1 ) <£9^l>/c£>T'&£ 0 cfcoT, ffi 

so ^m*So 



(9) 
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[0 04 6] meic9vc?mm<Dm£* m&±itB 

i£— <bfco/t 0 01 0CC-^CDS^cO^il$^r^*r o 
C©tt**H7 iJt®f-5>i. 8 0PaCO»-&OMjbJ« 

1 3 3 P a Ktoi t >XltMK9\-m&<DmtagL1fi±:& 

htt, -m, ±E©**i^Jfr*^, 1 3 3Pa(Di§ 
EEafefl=CC*5l^r«^ffiJBtt(D»*«^ 1 0 4 (0 1 ) £ 10 

tm (L 6 2 ) *sflb<D«iA (ffigt : L 6 1 ) Kit^T 5 

tC, 8 0 P aOffiJEr(S^^X-7^g^l^cd?)«:^^ 

a^^^xvoD^s^BjfiBtc^o/c. ±gasii6«-c«, 

HI. 2, 4, 5*5*1:0*6 KtkTW ^dift^Xv^ 
¥S«*L S I ft»CC*5WStSteS«5r*4*«{C»b 30 

[0 048] 

KCc«nm^»A1±T, fro. »awrt**»K«i 
K:X*StiA:T>^^*S*fflC^c^^Xv«ffl|»a}&s 
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[0S<DIBWj:!&9» 

[ill *&W<Dm&<OimtC%h^'( Zvfezf^X 

[^2] **§8CC«Sv-<^aiK^^Xv«isS6*«: 
c > r r > -f- ^ *S*c ffl t, >f ^ u sas <o r > -r 
7^ £ - ><D— m*9&$hlC7r;-?¥ffim. 
[0 3] *«KCc«S-7-< ^u«^^Xv«iffisa«c 

[S5] *«wo«8©iitt©jBja«:«* amy 

[0 6 ] *»WOS 6CCgiKDH3KOJgJ8Cc«S^-r * 

Dg77 x^»^«©«j«*^-r«is»jttKffiia. 
[@7] si ttfc^ >J3> 

[0 8 ] H4CC*-rsat*fflt^r3BJ5ESti^> 
BWfcWco<,vr % ^©S*fii©WS%Sfy77. 

[09 ] i5 {C^fgl^fflC^ff^^n.fct/ »J 3 > 

[010] H6cc7F-rs6a*ffli*r«j53Esn/c->y 3 

[##<D^] 

1 0 1 7 7X7« : lg^f$ 1 0 2 

103 ^*nSOHi* 104 J£^> 

1 0 5 77X7 1 0 6 

h P> 

10 7 7*fV 1 0 8 

7"- 

1 0 9 1 1 0 

l 1 l P»#>:/>>x<f-A l i 2 E*IS 

1 1 3 Sffi 10 3a. 10 

3 b X n ^ h 

i i 4 asm® 1 1 5 



117 X U - 
3 0 3a, 30 



i i 6 mmmmms^s 
303 ^jzummm 

3 b X D * h 
40 4 RSWES 

l 4 i mmwsM - m%L®&.m 



D4 mmimimz&M 



4 13 

D w mMM 

5 0 4 S^tt 



CIO) 
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5 13 

l 5 2 mmtt&m - m s ^hsp) 

d s mmtm^M s ^hh^ 
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L5 1 ssm* 



6 13 m 




L6 1 Sl««: 

l 6 2 wmmrn - mmmmm wmtmsv 



6 04 mm#* D6 sm«^J5$^M' 

CH2] 



103a 103b 




#§1200 3- 1 68 68 1 




[07] C08] 




[09] 



[010] 



fit 



) 








o o- 


-O c>— , 


















| -cvgOPa | 







25 



50 



75 



100 




*tt<nn> 



50 75 



100 



1 



(12) 
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F A(##) 4K030 FA01 JA01 JA09 JA16 JA1S 
KA15 LA15 
5F045 AA09 AB32 ACU AC16 DP04 
EH02 EH03 



